The quantification of copper in water, vegetables, foodstuffs, human hair and pharmaceutical samples was determined by a simple more sensitive and selective spectrophotometric method. Cu(II) forms an orange -red color complex with 5-{ά -methyl-3-hydroxy benzylidene} rhodanine [5M, 3H-BR], at pH 5.5 in sodium acetate and acetic acid buffer. The maximum absorbance was measured at 430 nm. The Beer's law is obeyed in the range of (0.05 µg -13 µg/mL). The molar absorptivity (ε) and the Sandell's sensitivity of the complex were 0.6027× 10 4 mol -1 cm -1 and 0.01054 µg cm -2 respectively. First, second and third derivative spectrophotometry were also proposed and employed successfully for the determination of copper in the supra. The performance of the present method was also evaluated in terms of RMSEP, REP and RSD, students t-test. This indicates the greater importance of the method than other methods reported in the literature.
Introduction
Metals at trace levels are components of natural biosphere. Hence they are required for body structure, fluid balance, protein and to produce hormones. Some of them are considered essential, but at high concentration they are toxic. The range between essentiality and toxicity is often very small. Copper occurs in nature as mineral compounds, 75% copper that is mined is used in the electrical industries, house hold-utensil, metallic blends and pigments 1 . From these sources, it will enter as pollutant and pollutes the water, soil, foodstuffs, flora and fauna.
It is an essential to activate enzymes involved in 2 cellular respiration-(cytochrome-C oxidase), iron oxidation-(ceruloplasmin), connective tissue formation-(lysyl oxidase) neuro transmitter biosynthesis-(Mono Amine oxidase) and pigment formation-(Tyrosanase). On over healthy limit accumulates in the liver causing dizziness, vomiting, diarrhoea, transpiration and depending on its concentration it leads to death [3] [4] [5] [6] [7] . In chronic exposure, liver, kidney and spleen may be injured and may develop anemia. The deficiency of copper causes the coronary,
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artery; heart diseases and can promote connection between sugar molecules and protein molecules which results in tissue damification in diabetic people [9] [10] . Therefore, from this point of view, it is necessary to establish a rapid simple, sensitive and accurate procedure for the determination of copper concentration. Several techniques have been used for the determination of copper in different samples [11] [12] [13] [14] [15] . However these methods have the disadvantages that the operation of the instrumentation used, is complex and the price of the instrumentation is expensive compared with UV-visible spectrophotometry.
Hitherto several complexing agents [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] are reported for the spectrophotometric determination of copper. Spectrophotometry still represents an attractive technique for the determination of metal ions in aqueous media, because of its simplicity, being inexpensive and is readily availabble 26 . Therefore in the present investigation a selective reagent 5-{ά -methyl-3-hydroxy benzylidene}rhodanine [5M,3H-BR] was chosen for the UV-visible spectrophotometric determination of copper(II) in the samples selected.
Experimental
The ligand 5-{α-methyl-3hydoxy benzylidene}rhodanine, prepared according to the procedure reported previously 27 . 120 mg of ammonium acetate was added to a mixture of 360 mL glacial acetic acid and 13 mL benzene then 2 g of rhodanine was added. The reaction mixture was stirred and boiled for 5 minutes. 2 g of 3-hydroxy acetophenone was then added to the reaction mixture then refluxed to overnight. Later it was allowed to cool at room temperature which gives a yellow precipitate. It is separated by filtration, washed with water and purified by recrystallization from methanol/ water (1:1) mixture melting point is 201 0 C -202 0 C. The structure was confirmed from Mass IR, NMR spectra. 
Preparation of solutions
All the chemicals were of AnalaR grades from Fisher Scientific Qualigens, India.
Cu(II) -solution
Stock standard Cu(II) solution was prepared by dissolving 0.3929 g of Cu(II) sulphate pentahydrte in double distilled water containing 1000 µg/mL. The solution was standardized by idometry 28 . The working standard solutions were prepared by suitable dilution of the stock solution.
Buffer solutions
Buffer solutions were prepared by employing 0.1 M acetic acid and 0.1 M sodium acetate [29] [30] in the pH range 3-10. Borate buffers were also prepared in the pH range 3-12 from 1 M boric acid adjusting with 1 M sodium hydroxide.
Solutions of diverse ions
Solutions of diverse ions containing 1000 µg/mL were prepared by dissolving required amounts of salts of the corresponding ions in double distilled water
Reagent solution
The reagent stock solution (0.1 M) was prepared by dissolving 1.255 g of [5M, 3H, BR] in DMF or methanol. This was diluted to the required concentration using 40% DMF.
Instruments
Elico micro processor based double beam UV -visible spectrophotometer SL 210 equipped with 1 cm quartz cells were used for spectrophotometric measurements. The pH measurements are made with Elico digital pH meter L.I 127 model.
General procedure for studies of different parameters
To ensure the complexation ratio between the Cu(II) and [5M, 3H-BR], and to quantification of the Cu(II) in the sample solutions the following procedure was performed. To an aliquots of sample solution containing µg quantities of Cu(II) was added to a series of comparison tubes followed by 5 mL of acetic acid and sodium acetate buffer to adjust the pH5.5,then equilibrated with 5 mL of [5M, 3H-BR] solution (in 40% DMF) for 10 min and diluted to 20 mL with double distilled water. The absorbance of orange -red color complex formed was measured against a similarly prepared reagent blank at 430 nm. The composition of the complex was computed by Job's continuous variation, mole ratio and slope ratio methods. The amount of Cu(II) present in the sample solutions [31] [32] [33] [34] [35] [36] [37] [38] prepared, were computed from the standard calibration carves in the range 0.05 to 13 µg both by inspecting the direct and derivative spectra.
Results and Discussion
The absorption spectra of an orange-red color complex of [Cu(II) -5M, 3H, BR] were recorded in the wave length region 400-600 nm against the reagent blank ( Figure 1 ). It was observed that complex showed the maximum absorbance at 420 nm in borate buffers and at 430 nm in acetate buffers, whereas in acetate buffers the complex absorbance was found to be maximum. Hence, the 430 nm in acetate buffers were chosen for the proposed studies 
Effect of the pH
The pH of the aqueous solution is an important parameter for complex formation. The influence of pH of the aqueous solutions on the formation of [Cu(II) -5M, 3H, BR] complex were investigated at 430 nm using various buffer solutions of different pH values ( Figure 2 ). The complex with maximum absorbance was observed at pH values 5 to 8 in acetate buffers and 8 to 10 in borate buffers. However, the maximum absorbance was found in acetate buffers. In the light of these findings all subsequent studies were carried out at pH 5.5 for direct and derivative spectrophotometry 
Effect of solvent and reagent concentration
A tenfold molar excess of the reagent was necessary for the maximum color development. An orange -red color formation between Cu(II) and reagent was instantaneous and the color was stable for more than 36 hours. The complex was found to soluble in 40% of DMF. So the reagent solutions were prepared in 40% (v/v) DMF. 
Nature of the complex
The composition of the complex and stoichiometric ratio between the metal to ligand was determined by mole ratio, slope ratio and jobs continuous variation methods elating of these experimental results indicates the Cu(II) forming the 1:4 complex with the reagent and the stoichiometric ratio is 1:2. So the reagent was found to be a bidental ligand (Figure 4-6 ). 
Performance for the calibration of proposed method
Beer's law was obeyed in the concentration range 0.05-13 µg/mL of Cu(II) in different sample solutions. The molar absorptivity of the complex was 0.6027×10 4 moles -1 cm -1 . The Sandell's sensitivity of the method was found to be 0.01054 µgcm -2 . The standard deviation, correlation coefficient and other statistical parameters of the method are evaluated to ten replicate determinations 
Derivative spectrophotometry
For the determination of copper derivative spectrophotometric methods are also developed. The 1 st and 2 nd derivative spectra show the maximum amplitude at 405 nm and 430 nm. The 3 rd derivative curve amplitude becomes zero at 428 nm and maxis mum amplitude was shifted to 435-460 nm. Calibration plots drawn between the amplitude and the concentration of Cu(II) was found to be linear in the range (0.05-13 µg/mL) The derivative amplitudes were found to be proportional to the concentration of Cu(II). The results are summarized in Table 2 , Figure 7 . 
Effect of diverse ions
To examine the effect of the diverse ions, 10 µg of Cu(II) and diverse ion in question were transferred in to comparison tubes of 20 mL capacity followed by an excess of reagent solution at pH 5.5. However, in the case of interference were masked using citrate, tartarate, phosphate as masking agents. The tolerance limit was stated as the highest amount for an ion that produces an error not exceeding ±3% in the determination. The results are summarized in the Table 3 .
Analytic conclusion
The proposed direct and derivative spectrophotometric method were employed for the determination of Cu(II) in different samples such as natural water, biological samples, foodstuffs and pharmaceutical samples. The results are summarized in the Table 4 , 5 & 6. The WHO provisional guideline value of 2000 µg/L (2 µg/mL) of copper in drinking water could produce an adverse reaction 39 . This is computable with the United states drinking water action level of 1300 µg/mL (1.3 µg/mL) 40 . In the present method, the content of copper in buffalo's milk and Cow's milk were found to be 1065-1216 µg/L, 1230-1318 µg/L respectively. The infants not given breast milk, fed with buffalo's milk and cow's milk may have to been increased the bioavailability of copper and is associated with the acute phase reactions of number of diseased states, is always almost accompanied by hypercaeruloplasminaemia 45 . The content of copper determined in the human hair is 41.2-45.4 µg/g. It is good coincidence with the values reported in the literature 33 .
The quantity of copper(II) in the common man dietaries like cabbage (13.5-18 µg/g), vegetable banana (12-14.7 µg/g), Amruthapani banana (13.1-21.5 µg/g), tomato (14.1-23.7 µg/g), wheat flour (14.9-16.9 µg/g), cucumber (14-24.2 µg/g), rice 1010 (8.5-14.5 µg/g), rice masuria (17.4-19.6 µg/g), were determined by this method, it was widely believed that most ostensibly healthy individuals consumed diets are to provide 2000 µg of copper/day 46 . So the above diets are suggestive as good dietary for healthy individuals to supplement the require copper.
The estimation of copper in the pharmaceutical samples shows the efficiency of the method and sensitivity of the reagent than the methods reported in the literature [33] [34] [35] [36] [37] [38] . However, in the case of GBion tablet determined value of Cu(II) is very low than the certified value, in all other cases the certified and the determined values are in good agreement hence, it was concluded the GBion tablets [Cotec health care pvt.ltd Uttaranchal. India.] Maintain substantial values than the certified.
The proposed spectrophotometric method is more selective. The standard addition method was used to determine Cu(II) in real samples, because of the incomplete release due to the interfering effects. The relative standard deviations representing the reproducibility and low detection limits in the determinations. The reagent used is highly specific. Hitherto no information in the literature used for the trace metal analysis. The proposed method shows the possibility of determination of ultra trace levels without the use of sophisticated instrumentation.
